This study examines the phylogenetic relationships among species of the butterfly genera Dynastor and Brassolis using 57 characters from adult morphology and wing coloration. We provide evidence for the monophyly of both genera. The relationships among Dynastor species are well resolved, but we were unable to find informative characters that could resolve the relationships inside Brassolis. We provide diagnoses for Dynastor and Brassolis and all species included in these genera, including illustrations that show geographical variation in wing color. The status of one subspecies is changed to species; Brassolis dinizi d'Almeida, 1956, NEW STATUS.
Introduction
The idea of a close association between Brassolis and Dynastor dates back to the early 20 th century catalogues. The classification by Stichel (1904) listed Brassolis and Dynastor sequentially, and in works of that time this normally indicated either morphological or evolutionary affinities. Stichel (1925 Stichel ( , 1932 revised his earlier classification and segregated Brassolis and Penetes into the subtribe Brassolidi, while Dynastor and eight other genera were included in the Caliginidi. Stichel's association of Brassolis and Penetes was based on wing color: species of both genera have a broad, colorful dorsal forewing postmedial band on a contrasting dark brown background, and the hindwing eyespots are small in Brassolis and absent in Penetes (the latter being unique within Brassolina sensu Casagrande 2004 ). Fruhstorfer (1912) did not follow Stichel's (1904) classification. Instead, he grouped Brassolis, Dynastor and Penetes under his Brassolininae based on a premature generalization that caterpillars in these three genera lack head scoli and caudae, which is true only for Brassolis. Casagrande (1995 Casagrande ( , 2004 included Brassolis and Dynastor (plus 13 other genera) within the subtribe Brassolina, but did not discuss their relationships. The study by Freitas & Brown (2004) indicated that Brassolis and Dynastor are closely related, although not sister taxa. Penz ' (2007) analysis of Brassolini suggested that these two genera are sister taxa, and distantly related to the Opsiphanes-group, including Penetes.
Species of Dynastor are the only members of Brassolini known to use bromeliads (Bromeliaceae) as larval host plants (Penz et al. 1999 and references therein). Females lay eggs sparingly -12 eggs in three days for captive D. darius darius (Fabricius) (Aiello & Silberglied 1978) , and 42 eggs in six days for D. darius stygianus Butler (Romero et al. 2004) . Caterpillars have well-developed head scoli and caudae, conforming to a characteristic brassoline morphology (Casagrande 1995) . Adult Dynastor are crepuscular, and it is likely that these butterflies have a short lifespan; D. darius females lasted about one week in captivity (P. DeVries, C. Penz, unpubl. observations). The proboscis of Dynastor is typical of fruit-feeding butterflies (Krenn et al. 2001) , and although rarely attracted to fruit-baited traps (e.g., Moss 1935 , DeVries 1988) they have been observed to feed both in the field and in captivity (Romero et al. 2004) . Dynastor butterflies are predominantly dull brown, except for the orange-rimmed D. napoleon Doubleday, the largest and most spectacular member of the genus (Fig. 1) . The geographical distribution of the three Dynastor species spans South and Central America to Mexico, and largely overlaps with that of Brassolis (e.g., Casagrande 2004) .
Within Brassolini, species of Brassolis share unique life history characteristics; females lay clusters of 200-300 eggs on palms (Arecaceae), and the gregarious caterpillars rest communally inside a case during the day (e.g., Dunn 1917 , Cleare & Squire 1934 . Müller (1886) suggested that this lifestyle likely led to a reduction of both the head scoli and caudae, otherwise common in brassolines owing to their ancestors (Charaxinae and early Satyrinae; see Freitas & Brown 2004 , Peña et al. 2006 . These characteristics of early stage morphology and life history are conserved within the genus. Brassolis butterflies have reduced probosces, do not feed, and have a short adult life -6-12 days for B. sophorae (Linnaeus) (Carvalho et al. 1998) . Fruhstorfer (1912) considered Brassolis as differing most widely from the "normal Brassolid (sic) habitus … almost recalling the Heterocera", and these butterflies are indeed homogeneous in their coloration (Fig. 2, 3) . Brassolis species are distributed throughout South and Central America (e.g., Casagrande 2004 , Bristow 2008 .
The purpose of this study is to expand upon previous knowledge of species-level phylogenetic relationships of Dynastor and Brassolis. We examined 57 morphological characters for both males and females of all currently recognized species in these genera. These characters constituted the basis for our phylogenetic analysis, revised generic definitions, and for elevating one subspecies to full species. Illustrations, diagnostic characters, and distribution are provided for species of both genera.
Materials and methods
Specimens. We examined specimens from the following institutions: Milwaukee Public Museum (MPM); Florida Museum of Natural History, McGuire Center for Lepidoptera and Biodiversity (MGCL); Museu Anchieta, Porto Alegre (MAPA); and The Natural History Museum, London (BMNH). Male and female legs and abdomens were prepared by soaking in hot 10% KOH solution, and stored in a 3:1 solution of glycerol and 70% ethanol. Observations and illustrations were made using a stereomicroscope equipped with a camara lucida. Terminology for adult external morphology and genitalia follows Kristensen (2004) .
Cladistic analysis. This study follows the taxonomic checklist by Casagrande (2004) and recent changes by Bristow (2008) . The nominal subspecies were used to score characters for Dynastor napoleon, D. macrosiris (Westwood) and D. darius. Within Brassolis, we studied B. sophorae, B. haenschi Stichel, B. isthmia Bates, B. granadensis Stichel, and B. astyra Godart. Particularly in the case of B. sophorae, we attempted to examine specimens from a broad range of localities to verify the consistency of our characters (structural and color), leading to a re-examination of the status of B. sophorae dinizi D'Almeida, 1956 (see results). Elymnias hypermnestra (Linnaeus) (Satyrinae), Bia actorion (Linnaeus) (Brassolini, Biina) and Narope panniculus (Stichel) (Brassolini, Naropina) were used as outgroups. The examined species, locality data and number of dissected individuals per species are in Appendix 1. The character list and matrix (Appendices 2 and 3) include 57 characters, of which 46 are binary and 11 multistate; 13 were adapted from Penz (2007) .
The character matrix was analyzed under implied weights, which weights characters according to their amount of homoplasy following a concave function (Goloboff 1993) . We had noticed conflicts in characters during matrix construction, and therefore expected that many of our characters would be homoplasious. When levels of homoplasy are high, implied weights performs better that an analysis using equal weights or successive weighting, given that the latter may produce trees that are not optimal under the weights they imply (Goloboff 1993) . TNT (Goloboff et al. 2007 ) was used for all analyses. Heuristic searches were performed with all characters set as non-additive, and consisted of 300 RAS+TBR replicates followed by 50 iterations of ratchet (Nixon 1999 ) and holding four trees per replication. A wide exploration of concavity values ( K=1-20) was conducted to search for the optimal K that produces highest number of well supported groups (Goloboff 1997 , Goloboff et al. 2008 . Our analyses used two search strategies; one in which internal branches of longitude zero were collapsed (collapse rule 4) and the resulting trees were condensed and the duplicates discarded (condense; unique), and another without collapsing zero length branches (collapse 0 option). Group support and stability were assessed through jackknife resample (36% as exclusion percentage), and Relative Bremer support (retaining up to 2000 suboptimal trees, 7 steps longer than the optimal). We used MacClade 4.08 (Maddison & Maddison 2005 ) for character optimization, and for matrix and tree editing.
Results

Species Identification
Genus Dynastor Doubleday Robust-bodied, ranging from medium (darius FW length 97.9-109.8 mm, macrosiris 94.6 mm) to large (napoleon 116.7-131.7 mm). Antennae mildly clubbed. Dorsal FW brown; postmedial band cream-white, always distal to the discal cell in both sexes, broken (Fig. 1) . Costal FW margin ripple-patterned in both sexes. Dorsal HW marginal line usually thin and cream-white (thick and bright orange in napoleon); postmedial band usually absent (except darius). Ventral surface of both wings either mottled or ripple-patterned (macrosiris). Ventral HW usually with three eyespots, in cells Sc+R1 (elongated), M1, and Cu1 (C-shaped). Extra eyespots may be present. Monomorphic for wing color and shape, males smaller than females. Male gnathos bifurcated, varying in shape between species; phallus short, with few small spines on the shaft; valva narrow apically, with a sclerotized costal margin bearing small to large spines (Fig. 8E) . Female lamella antevaginalis absent (Fig. 9B ), corpus bursa with paired signa. (Fig. 1A-B 
Dynastor napoleon Doubleday
Genus Brassolis Fabricius
Robust-bodied, medium size (male FW length from 60.5 mm (dinizi) to 82.7 mm for (astyra); Fig. 2, 3 ). Antennae short, strongly clubbed. Reduced, non-functional proboscis (Fig. 3E) . Tibial spurs absent in both sexes. Dorsal FW brown with an orange, or orange and white postmedial band, depending on the species. Dorsal HW brown with or without an orange postmedial band, depending on the species. Males with a small, narrow patch of androconial scales below vein Cu2 (Fig. 7B, character 16 ). Sexes similar in color, males smaller than females. FW basal, costal margin in-curved in males, bowed in females. Ventral HW brown stippled with white; eyespots in cells Sc+R1 and Cu1 variable in size. Male and female genitalia remarkably uniform across species. Male gnathos absent (unique within Brassolini); valva broad, distally curved and with apical serration (Fig. 8F) ; phallus with minute spines along the shaft and usually two to three setae on the edge of the vesica. Female sterigma projected as a flap posteriorly (Fig. 9C, D, E) ; anterior section of sterigma (lamella antevaginalis) thin and generally continuous, forming a 'loop'. Corpus bursa lacking signa.
Brassolis sophorae (Linnaeus) ( Fig. 2A-D 
Type species.
Diagnosis: Recognized by a combination of two characters: (1) in males, dorsal FW postmedial band normally orange and nearly entire (small brown spot at crossvein m2-m3), in females, this band is nearly bifurcated into two branches at the distal edge of the discal cell; (2) in both males and females, dorsal HW postmedial band well defined (Fig. 2) .
Distribution: B. sophorae is a widespread polytypical species, reported to occur from Colombia to Paraguay (Casagrande 2004 Bristow (2008) synonymized philomela under luridus. We examined specimens from locations that potentially represented most of these subspecies, plus Bolivia (Fig. 2) . Given that Hans Stichel described several of these subspecies, it is possible that he recognized the color pattern variation within B. sophorae sensu lato that we encountered during this study (see Phylogenetic analysis and Discussion).
Remarks: We encountered much variation in color in our examined specimens, and some of this variation overlaps with diagnostic characters for other Brassolis species. For example, in some specimens dorsal FW postmedial band was orange and white (as in B. dinizi and B. haenschi). In some females the dorsal HW postmedial band was faded (as in B. haenschi, B. isthmia, and B. astyra astyra). Dorsal color of abdomen is usually brown, but it is faded orange in specimens from the Brazilian Atlantic coast. See the Phylogenetic analysis section for characters that are polymorphic within B. sophorae, and Discussion for implications of this variation. Fig. 2) , B. dinizi shows a distinctively pale dorsal and ventral coloration, nearly completely white male FW postmedial band, and smaller wing-length. In combination, characters listed above provide a positive and reliable diagnosis for dinizi. Furthermore, the tree in Fig. 4A shows four character changes for this species; a number comparable to haenschi, and larger than what was found for other Brassolis. While dinizi can be clearly distinguished from sophorae, other Brassolis species are more difficult to separate (e.g., isthmia and granadensis). Therefore, based on the diagnostic characters listed here, we propose a change in the taxonomic status of dinizi from subspecies to species. (Fig. 2E-F, 7C, 8L, 9H) Diagnosis: Recognized by a combination of seven characters: (1) in males, dorsal FW postmedial band mostly orange, interspersed with white, and distal edge of discal cell usually highlighted by a brown line; in females, postmedial band dark orange, distal edge of discal cell highlighted by a wider brown line (orange postmedial band bifurcated); (2) in males, ventral FW thin brown submarginal lines usually absent; (3) in males, small ventral FW eyespot in cell M1 lacking a pupil; (4) dorsal HW postmedial band very faint or absent, in males, absent in females; (5) in females, wings are darker and rounder than in other species of Brassolis; (6) in lateral view, male tegumen taller and broader than other Brassolis; (7) in ventral view, posterior flap of the female sterigma round, more heavily sclerotized than other Brassolis.
Brassolis haenschi Stichel
Distribution: From Venezuela to Peru (Casagrande 2004 (Fig. 3A-C, 9C) Diagnosis: Recognized by a combination of four characters: (1) in males, dorsal FW postmedial band orange and nearly entire (small brown spot at crossvein m2-m3); in females, this band is nearly bifurcated into two branches at the distal edge of the discal cell; (2) both sexes usually lack a dorsal HW postmedial band (faint, barely visible in some males); (3) in males, androconial patch below vein Cu2 light colored, contrasting the wing background color. In B. granadensis this androconial patch is brown and matches the wing background color; (4) abdomen usually brown dorsally in both sexes (sometimes with an orange tinge at tip).
Brassolis isthmia Bates
Distribution: Panama and Bolivia (Casagrande 2004 (Fig. 3D, 8M) Diagnosis: Males can be recognized by a combination of five characters: (1) dorsal FW postmedial band orange and nearly entire (small brown spot at crossvein m2-m3); (2) dorsal FW postmedial band wider below discal cell than in B. isthmia; (3) lack a dorsal HW postmedial band; (4) brown androconial patch below vein Cu2, matching the wing background color. In B. isthmia this androconial patch is lighter than the wing background color; (5) abdomen brown dorsally. According to Bristow (2008) Brassolis astyra Godart ( Fig. 3F-H 
Brassolis granadensis Stichel
; 8D, I; 9D)
Diagnosis: Recognized by a combination of five characters: (1) in both sexes, dorsal FW postmedial orange band clearly bifurcated anteriorly (above M3). In females this band is faded above M3 and inside the discal cell; (2) specimens from the northern end of the distribution (astyra astyra) lack a dorsal HW postmedial band, but this band varies from faded to well developed in specimens from southern localities (astyra philocala). Dorsal HW postmedial band generally narrower and more jagged in B. astyra philocala than in B. sophorae and B. dinizi; (3) in both sexes, abdomen orange dorsally from third segment onward; (4) in posterior view, male valva usually with a small point at apex (Fig. 8D) ; (5) 
Cladistic analysis
Implied weights searches under K=1 and 2 found two most parsimonious trees. Higher values of K (K=3 to 20) consistently yielded the same three most parsimonious trees, one of which is the topology of the strict consensus of these three trees (Fig. 4A) . The other two are the same trees found under K=1 and 2 (Fig. 4B, C) . Trees had a fit of 5.2. The three most parsimonious trees show Dynastor and Brassolis as monophyletic sister genera, but differed in the relative positions of B. sophorae, B. haenschi, B. dinizi, and B. isthmia, which had an effect on the resolution of the strict consensus (compare topologies in Fig. 4) . Unambiguous character transformations for the nodes and terminals were optimized in the strict consensus tree using "hard" polytomy option and are described below (Fig. 4A) .
Four synapomorphies supported the Dynastor + Brassolis clade: last segment of labial palpus shorter than the distal width of second segment (character 1:2, Fig. 8B ), reversed to state 1 in B. haenschi (approximately the same length as distal width of second segment); valva not projecting beyond uncus tip (30:1, Fig. 8E) ; groove at the articulating point between valva and appendices angulares limited to the base of valva (34:1); distal opening of phallus located dorsolaterally (38:1). Dynastor + Brassolis had a low Relative Bremer support and a moderate value of jackknife recuperation (30 and 59; Fig. 4A ).
The monophyly of the genus Dynastor was supported by seven synapomorphies and one homoplasious transformation. The synapomorphies were: dorsal forewing costal margin striped (4:1, Fig. 7D ), dorsal forewing postmedial band broken (8:1, Fig. 7D ), female foreleg distal tarsomere with ventral spines between the rows of sensilla (24: Fig. 9H ). The homoplasious transformations were: male midleg tarsus longer than tibia (22:0); presence of a semi-sclerotized lobe on the left side of phallus (40:1), which was also found in D. darius and in one of the outgroup taxa (Elymnias hypermnestra); and the transition between pedunculum and vinculum being straight (28:0, Fig 8F) . Relative Bremer support and Jackknife recuperation values for Brassolis were high (81 and 100; Fig. 4A ).
Poor resolution of the strict consensus tree reflects the overall morphological similarity within Brassolis (Fig. 4A) . Brassolis sophorae, B. dinizi, B. isthmia and B. haenschi formed an unresolved clade (sophoraeclade) supported by one homoplasious transformation: presence of a dorsal hindwing postmedial band in males (17:1, Fig. 7A ). Alternative groupings of these species were represented in the other two trees (Fig. 4B  and C) . In all resolutions, however, B. granadensis was the sister taxon of this clade, supported by one homoplasious transformation: the presence of long setae on a semi-sclerotized lobe on the left side of phallus (43:1, Fig. 8L). Finally, B . astyra appears as sister to all other Brassolis.
To identify characters that produced conflicting topologies within the sophorae-clade, we did a search without collapsing zero-length branches, and optimized both ambiguous and unambiguous transformations onto the obtained trees. The results were five alternative topologies for the sophorae-clade (Fig. 5) . In these five resolved sub-trees all characters producing ambiguous optimizations (11, 12, 14, 16, 20, 25, 54) but one (54) were coloration characters, and all but one (12) were polymorphic. Trees in Fig. 5 show B. sophorae as sister to each of the species in the sophorae-clade (Fig. 5C-E) or as sister to species groups within this clade (Fig. 5A-B) .
Given that polymorphic characters supported ambiguous optimizations within the sophorae-clade, an analysis was done excluding nine polymorphic characters (Appendix 3). Characters 11, 13, 14, 16, 20, 25, 43 and 54 were polymorphic for B. sophorae, and character 17 was polymorphic for B. isthmia, and also for B. astyra (outside the sophorae-clade). Two trees were found that differed greatly in resolution, and the strict consensus of these trees showed the sophorae-clade as a polytomy. We therefore concluded that the exclusion of polymorphic characters did not improve our results (trees not illustrated).
As noted above, B. sophorae was polymorphic for eight characters, and we therefore asked whether splitting B. sophorae into monomorphic terminals would improve tree resolution and would provide a more reliable assessment of relationships. To investigate this, we used male-female pairs (whenever possible) collected in eight countries as terminals. This sampling attempted to represent the type locality (country) of most valid subspecies listed by Casagrande (2004) , therefore approximating a range of character variation of B. sophorae. Separating B. sophorae into eight terminals (putative subspecies) showed that all species of Brassolis are associated with one or more subspecies of sophorae; i.e., the sophorae-clade was not recovered (Fig. 6 ).
Discussion
Our study provided evidence supporting the monophyly of Dynastor and Brassolis with good support values at the genus level, and we confirmed that these two genera are sister groups (Penz 2007 ). The only synapomorphy of Dynastor + Brassolis given by Penz (2007) was also found in Narope panniculus, but here we provide four additional synapomorphies supporting this group. The diagnoses and illustrations for all species of Dynastor and Brassolis presented here provide useful tools for species identification and a framework for future taxonomic studies.
Relationships among the three species of Dynastor allow us to interpret certain aspects of their distribution and wing coloration. The widespread Dynastor darius fully overlaps in geographical range with its two congeners; D. napoleon from southeastern Brazil, and D. macrosiris from Central America and northern South America. Based on Fig. 4A , we hypothesize that the ancestor of this genus had a northern distribution in South America. Furthermore, Dynastor includes a species limited to the Brazilian Atlantic forest, which is biogeographically distinct from the Amazonian region (e.g. There are at least two possible reasons why we were unable to obtain resolution within Brassolis. First, species of Brassolis are remarkably uniform in morphology, making it difficult for us to find informative characters. Genitalic morphology may often yield informative characters for phylogeny reconstruction (e.g., Penz & DeVries 2002, Penz 2008); however, interspecific variation in genitalia within Brassolis was negligible, as found in other butterfly genera (e.g., Caldas 1997 , Hill et al. 2002 . Second, the few coloration characters that varied among species also varied within species. Seven color characters potentially informative within Brassolis were polymorphic for B. sophorae. Although polymorphic characters can be used in phylogenetic analyses (e.g., Wiens 1999), in Brassolis the high level of polymorphism masked any signal that the color characters might have contained. The approaches we used to deal with polymorphic characters did not significantly increase resolution of the strict consensus tree, nor increase our confidence in the overall topology for the genus as a whole. Color characters that are suitable for species diagnosis did not provide useful information for phylogenetic reconstruction.
Brassolis sophorae has the widest geographical distribution of all species in this genus, ranging from Colombia to southern Argentina and Brazil. Although this polytypic species can be recognized by the shape, color and presence of the FW and HW postmedial bands, our comparative study demonstrates that the variation in color recorded for B. sophorae greatly overlaps with that found in other species. Given their short adult lifespan and limited movement (Cleare & Squire 1934 , Carvalho et al. 1998 , there is opportunity for local color pattern variants to arise that would not necessarily contain phylogenetic signal. Early stage morphology can provide key characters for species identification and phylogenetic reconstruction (e.g., Francini et al. 2004 ), but mature caterpillars of B. sophorae, B. isthmia and B. astyra are nearly identical, and a comparative examination did not produce useful characters (C. Penz, pers. obs.). Therefore, what we initially envisioned as a straightforward phylogenetic study of a small group of species turned out to be a fairly difficult endeavor. It would be valuable to investigate whether molecular markers can be used to recover population-level structure and divergence within Brassolis sophorae, and relationships among all species in this genus. In the meantime, the phylogeny of Brassolis remains unresolved. 
